(19) 



JEuropaisches Patentamt 
European Patent Office 



(12) 
(45) 

(21) 
(22) 



Office europeen des brevets EP 0 490 683 B1 

EUROPEAN PATENT SPECIFICATION 

(51) mtci 6; G06F 3/033, G06K 11/08 



Date of publication and mention 
of the grant of the patent: 
04.12.1996 Bulletin 1996/49 

Application number: 91311575.4 

Date of filing: 12.12.1991 



(54) Sensor arrays 

-Sensor-Matrizes 
Matrices de capteurs 



CO 

CO 
00 
CD 

o 

O) 

o 

CL 
LU 



(84) Designated Contracting States: 
DE FR GB 

(30) Priority: 13.12.1990 US 626795 

(43) Date of publication of application: 
17.06.1992 Bulletin 1992/25 

(73) Proprietor: XEROX CORPORATION 
Rochester New York 14644 (US) 

(72) Inventors: 
• Hack, Michael 
Mountain View CA, 94040 (US) 



• Lewis, Alan G. 
Sunnyvale CA, 94087 (US) 

• Bruce, Richard H. 

Los Altos CA, 94024 (US) 

(74) Representative: Phillips, Margaret Dawn et al 
Rank Xerox Ltd 
Patent Department 
Parkway 

Marlow Buckinghamshire SL7 1 YL (GB) 



(56) References cited: 
US-A- 4 345 248 



US-A- 4 655 552 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Jouve, 75001 PARIS (FR) 



1 



EP 0 490 683 B1 



2 



Description 

The present invention relates generally to sensing 
and display apparatus, and more particularly to an ap- 
paratus capable of both sensing (inputting) an input sig- 
nal and displaying (outputting) pixel data, which is able 
to indicate the incidence of light occurring at any time 
during a polling cycle, which uses few address and data 
lines per cell for both the input and output functions, and 
which is configured to allow the circuit to provide gain. 

As background to the present invention, present 
sensing and displaying apparatus, such as interactive 
arrays, often involve as many as one million picture el- 
ements ("pixels") or more. Each pixel will generally in- 
clude an arrangement of circuitry which collectively will 
be hereinafter referred to as a n ce\\ u Each cell may serve 
as an independent sensing element, an independent 
display or display driving element, or both. Of interest 
herein is the case where each cell is capable of func- 
tioning as both a sensing element and a display driving 
element. 

Each cell will generally include a discrete sensing 
portion including circuitry, and a photosensitive element 
whose current-voltage characteristics change in re- 
sponse to the incidence of light. Each cell will also gen- 
erally include a discrete display portion, usually includ- 
ing a control means such as a thin-film transistor (TFT) 
or diode for controlling the state of a pixel of an active 
display matrix. For a general discussion of active display 
matrices, and control of individual pixels in such matri- 
ces, see Manufacturing Hurdles Challenge Large-LCD 
Developers , IEEE Spectrum, September 1989, pp. 
36-40. For an example of integration of the sensing and 
display portions, see US-A-4,655,552, which discloses 
a light-sensing circuit which allows data to be input 
through a display panel. 

US-A-4 345 248 discloses a matrix of LCD elements 
of which each includes a photoelectric cell so that data 
can be written into the device by means such as a light 
pen. 

A number of disadvantages are associated with 
known sensing apparatus. These include, for example, 
the requirements that, for some sensing apparatus, light 
must be incident on a cell at the same time that the cell 
is polled (checked for the results of the incidence of 
light), the need in other sensing apparatus for three or 
more separate interconnections to each cell, and the in- 
compatibility of still other apparatus with circuitry capa- 
ble of providing gain. 

In addition, the integration of sensing and display 
portions into a single apparatus presents additional 
problems. For example, the required number of inter- 
connections, the circuit size, and the circuit complexity, 
increase, while the yield decreases. Related to this is 
the need to isolate the sensing portion from the display 
portion in order to prevent the high voltage applied to 
the display driving lines from disrupting the sensor cir- 
cuitry, which limits the extent to which the sensor and 



display portions may be integrated. Also, because of the 
differing natures of the components of the sensing and 
display apparatus, fabrication techniques for the two 
may differ or be incompatible, requiring hybridization 

5 and/or complex fabrication procedures. 

These and other problems are addressed by vari- 
ous aspects of the present invention. The present inven- 
tion has come about through the realization that it would 
be highly desirable to be able to provide a sensing and 

10 display apparatus requiring a minimum number of met- 
allized lines connecting each cell and its associated driv- 
ing and decoding electronics. This improves the yield of 
operable devices by reducing the opportunities for me- 
chanical and electrical defects. Thus, one aspect of the 

is present invention is the provision of a sensing and dis- 
play apparatus requiring only two interconnection lines 
per cell. 

The interconnection lines in traditional two-dimen- 
sional arrays are referred to as row address lines, each 
20 typically associated with a horizontal row of cells, and 
column data lines. Together, these two lines can poll or 
address any cell in the array individually. In the present 
invention each row address line is designed to serve two 
purposes simultaneously. First, the line serves to enable 
25 the sensor and display circuits associated with each cell 
of a row of cells, so that light incidence information may 
be read out from that row, and second, the line serves 
to reset each sensor circuit of the cells of the immedi- 
ately-preceding row to a state wherein the sensor cir- 
30 cuits of those cells may detect light. 

It has been realized that the high voltage applied to 
the display driving lines would, if applied also to the sen- 
sor circuitry, disrupt the sensing of incident light. For ex- 
ample, voltage or current transients might be generated 
36 in a sensor circuit which could take prohibitively long to 
settle, and which render the sensor output meaningless. 
Also, if proper timing of the sensing and display portions 
is not observed, the driving of the display could be erro- 
neously interpreted as light incidence data by the sens- 
40 jng portion. However, maintaining too great a physical 
isolation between the sensing and display driving por- 
tions could result in unnecessarily large and complex 
circuit topography, and maintaining too great a temporal 
separation between sensing and display driving could 
45 result in sensing delay, display flicker, etc. Thus, the 
present invention provides an integrated sensing and 
display driving apparatus with a little physical isolation 
between the sensing and display portions, and sufficient 
electrical isolation to prevent the deleterious effects re- 
50 suiting from application of a display driving potential to 
sensing circuitry. Furthermore, the integrated sensing 
and display driving apparatus a timing scheme which 
allows sensing and display driving in a short period, yet 
maintains the required separation between the sensing 
55 and display driving functions. 

The present invention has also come about through 
the realization that it would be highly desirable to be able 
to sense the incidence of light on a cell at any time, in- 
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dependent of the timing of the polling of the cell itself. 
Thus, another aspect of the present invention is the pro- 
vision of a light-sensing circuit allowing detection of in- 
cident light at any time during the polling cycle, which 
may be utilized in a combination sensing and display 
apparatus. The present invention allows independently 
maintaining the illumination information about each cell 
for later processing. 

Monolithic fabrication of the sensing and display 
driving apparatus would be highly desirable, especially 
if such apparatus could be formed from amorphous sil- 
icon, to enable large-scale integration and production of 
large arrays of light-sensing and display driving appara- 
tus according to the present invention, and allow utiliza- 
tion of the simple, inexpensive, and low-temperature 
fabrication techniques used in amorphous silicon 
processing. Therefore the circuitry disclosed herein may 
be monolithically formed of amorphous silicon. 

The capability of operation in a color regime, in ei- 
ther the sensing or display driving functions or both, 
would greatly supplement the capabilities of a mono- 
chrome sensing and display apparatus. Thus, according 
to a further aspect of the present invention, a color sens- 
ing apparatus may be obtained by forming, depositing, 
or placing a color filter or filters over the photosensitive 
elements of selected light-sensing circuits. Such color 
sensing apparatus may find application in, for example, 
distinguishing between different light sources, etc. 

A still further aspect of the present invention is that 
the display driving portion of the apparatus is compatible 
with standard active-matrix liquid crystal displays 
(LCDs). Furthermore, the provision of a sensing and dis- 
play apparatus as disclosed herein, having a color filter 
arrangement associated with the display such that the 
display, controlling aspects of the present invention al- 
low control of a color display forms yet another aspect 
of the present invention. 

The present invention overcomes a number of the 
disadvantages and limitations of the prior art by provid- 
ing a combination sensor and display driving apparatus 
as claimed in claim 1 . 

The present invention will now be described by way 
of example with reference to the following drawings, in 
which: 

Fig. 1 shows a two-dimensional array including sen- 
sor and display driving apparatus of the type dis- 
closed and discussed with regard to the Figs. 2 - 3a 
herein; 

Fig. 2 shows a detailed schematic illustration of a 
sensor and display driving circuit according to one 
embodiment of the present invention; 
Fig. 2a shows a partial schematic illustration of an- 
other embodiment of a sensor and display driving 
circuit, related to the embodiment of Fig. 2, of the 
present invention; 

Fig. 3 shows a detailed schematic illustration of a 
sensor and display driving circuit according to an- 



other embodiment of the present invention; 
Fig. 3a shows a partial schematic illustration of an- 
other embodiment of a sensor and display driving 
circuit, related to the embodiment of Fig. 3, of the 

5 present invention, and 

Fig. 4 shows the timing and states of various of the 
lines relative to one another and to a clock signal 
according to one or more embodiments of the 
present invention, as referred to in the following de- 

io tailed description. 

Referring to Fig. 1 , there is shown therein a two- 
dimensional sensor and display driving array 4, com- 
prising addressing means 6, decoding/driving means 8, 

is a plurality of cells 1 0, and a grid-like pattern of horizontal 
electrically-conductive lines or interconnections which, 
for the present description, will be hereinafter referred 
to as row address lines, designated as A 1f Ag, ... A n , 
A n + ■,, and vertical electrically-conductive lines or in- 

20 terconnections which, for the present description, will be 
hereinafter referred to as column data lines, designated 
asD 1( D 2 , .... D s , .... In such an array 4 each cell 10must 
be individually addressable. This independent address- 
ing is conveniently and commonly facilitated by the grid- 

25 |jke pattern of interconnections shown. This independ- 
ent addressing allows array 4 the capability of sensing 
the incidence of light thereon on a cell-by-cell basis at 
any time during the polling cycle of the cells 1 0. Further- 
more, such an array 4 is capable of driving a display, 

30 such as an active matrix LCD (not shown), also on a 
cell-by-cell basis. Each of the elements of array 4 will 
be described in further detail herein, with a focus on the 
dual function of the cells 1 0 as sensor apparatus and as 
display driving apparatus. 

35 As shown in Figs. 1 and 2, bounding each cell 1 0 in 
the two-dimensional array 4 will be a first row address 
line A n and a second row address line A n + -, , as well as 
at least one column data line D s . A typical cell 1 0 of the 
two-dimensional array 4 is shown in Fig. 2, in which like 

40 reference numerals denote like elements. 

With reference now to Fig. 2, cell 10 may, for the 
purposes of illustration, be divided into three regions: 
first, a photosensor circuit region 1 2; second, a current- 
conducting region 14; and third, a display driving region 

^5 15. The photosensor circuit region 12 of the embodi- 
ment of Fig. 2 consists of a multiple-state (discrete or 
continuous) photoelectric sensing means 16, and two 
control means such as transistors 18 and 26. Multiple- 
state photoelectric sensing means 16 may be one of a 

50 wide variety of sensors of the type described above 
which has at least two states, referred to as ON and 
OFF. The ON state may be either the conductive state 
or the current-producing state of photoelectric sensing 
means 16. Alternatively, photoelectric sensing means 

55 16 and transistor 18 may be replaced by a single pho- 
tovoltaic device, such as photodiode 12' described fur- 
ther below. 

Transistors 18 and 26, as well as all transistors re- 
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ferred to and described herein, unless otherwise noted, 
are of the type including a control terminal, or gate elec- 
trode, and a current path, or channel, controlled by the 
control terminal, the channel having first and second 
ends connected to first and second channel electrodes, 
respectively. Such transistors will generally be of the 
field effect transistor (FET) family, although other types 
of transistor devices may be employed If the event the 
array is fabricated from amorphous silicon, such tran- 
sistors, will generally be N-channel transistors although 
variations, such as polycrystal line-based apparatus, 
may employ either N- or P-channel devices where ap- 
propriate. 

Transistor 18 is connected such that its gate elec- 
trode and a first of its channel electrodes are connected 
to row address line A n + 1 . The second of its channel 
electrodes is connected to a node 20. Photoelectric 
sensing means 16 is connected such that one terminal 
thereof is connected to row address line A„ + 1 and a 
second terminal thereof is connected to node 20. The 
gate of transistor 26 is connected to node 20, a first of 
its channel electrodes is connected to a second node 
24, and a second of its channel electrodes is connected 
to a third node 28. 

The current-conducting region 14 shown in Fig. 2 
consists of a capacitor 22 having one terminal thereof 
connected to row address line A n , and a second terminal 
connected to the second node 24. Current-conducting 
region 14 also includes transistor 30, one of whose 
channel electrodes is connected to node 28. The gate 
of transistor 30 is connected to node 24, while the other 
of its channel electrodes is connected to row address 
line A n . A first channel electrode of a third transistor 32 
will also be connected to node 28. The gate of transistor 
32 is connected to row address line A„ and its second 
channel electrode is connected to column data line D s . 

The display driving region 15 shown in Fig. 2 con- 
sists of a transistor 40 having its gate connected to row 
address line A n , and one of its channel electrodes con- 
nected to column data line D s . The other of the channel 
electrodes of transistor 40 is connected to an electrode 
which forms one part of a pixel of an active-matrix liquid 
crystal display (LCD). Such an active-matrix LCD con- 
sists, inter alia, of two glass plates sandwiching a liquid 
crystal material. Electrodes are attached to each plate. 
The liquid crystal material between the plates acts as a 
dielectric between the electrodes, thus forming a sepa- 
rate capacitor 42 at each pixel. Transistor 40 acts as a 
switch that allows a voltage placed on a column data 
line to be stored in the pixel's capacitance for a frame 
period (the length of time between frame refresh sig- 
nals) and isolates that pixel from the data line at all other 
times. In the case of the embodiment shown in Fig. 2, 
whereas one of the plate electrodes of capacitor 42 is 
connected to one of the channel electrodes of transistor 
40, the other plate electrode of capacitor 42 is tied to an 
appropriate potential, for example a front plate potential 

v 



The ability to produce each of the elements and in- 
terconnection! described above in large area format by 
relatively simple and inexpensive processes afforded by 
amorphous silicon technology motivates the monolithic 
5 fabrication of all such components of cell 10 from that 
material. Furthermore, amorphous silicon technology 
allows formation of such elements and interconnections 
on a large, inexpensive substrate such as glass. Thus, 
the present invention, when fabricated from amorphous 
silicon, may be formed directly on a surface of an LCD 
which uses glass plates. However, equivalent results 
would be obtained, and specific design goals may be 
realized, by fabricating some or all of the components 
of cell 10 from single crystal or polycrystal line silicon, 
germanium, etc., and coupling the display and the cir- 
cuitry by appropriate means known in the art. 

The method of operation of the device is as follows. 
The operating cycle of each cell 10 may be divided into 
two modes: first is the sensing mode, and second is the 
display driving mode. Me mode may be controlled by a 
control circuit (not shown) which interfaces with ad- 
dressing means 6 and decoding/driving means 8, and 
synchronized by a clock signal (also not shown). 

Focussing first on the sensing mode, one role of ad- 
dressing means 6 (Fig. 1 ) is to raise each row address 
line in the array sequentially to a given voltage level, one 
row address line at a time, starting first with line , then 
A 2 , A 3 ,.... A row address line is raised to, and held at, 
an elevated, or high, voltage for a predetermined period 
then returned to a low voltage. After a suitable amount 
of time, the voltage of the next row address line is raised 
and held high for the predetermined period. This is 
shown in Fig. 4 for fi^ at (a) and for A n + 1 at (b). In this 
mode, each of the column data lines will, however, be 
held at a low potential. 

In general terms, cell 1 0 will act as a switchable cur- 
rent path between a row address line and a column data 
line, switched by sense state information from photo- 
sensor circuit region 12. Specifically, if light has been 
incident upon cell 10 when its associated row address 
line A n is raised to a high voltage, current will be allowed 
to pass between that row address line \ and an asso- 
ciated column data line D s . If, however, light has not 
been incident on cell 10, current will be prevented from 
passing between row address line Ap and column data 
line D s Thus, by examining the current flow on data ad- 
dress line D s , which is in part the role of decoding/driving 
means 8, it may be determined whether light has been 
incident upon cell 10. 

More specifically, in order to allow conduction by re- 
gion 1 4 as a function of the incidence of light on the cell, 
a charge is established by an address line which may 
be maintained or released as a function of the incidence 
of light on the photosensor circuit region 12. Establish- 
ing this charge shall hereinafter be referred to as "initial- 
izing" cell 1 0. According to the present embodiment, cell 
10 is initialized by charging the gate-channel capaci- 
tance of transistor 26. As described above, each cell 10 
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is connected to two row address lines A,, and A n + ^ . Ac- 
cording to the above discussion, only a single row ad- 
dress line may be at a high voltage at any one time. This 
is to allow identification of the cell, or in the sensing 
mode, to allow identification of the illumination state of 
each pixel. It is conventional that the row address line 
associated with the cell be the line immediately above 
that cell, which for Fig. 2 means cell 10 and row address 
line A n . However, according to the present invention, 
each row address line will also function to initialize a cell 
immediately above that line. That is, cell 10 will be ini- 
tialized by the application of a voltage to line A^ v 

Assume for explanation that the gate and channel 
of transistor 26 are at the same low voltage as compared 
to the voltage of row address line A„ + ^ . Assume next 
that in cyclically applying a voltage to each row address 
line, a positive voltage with respect to ground, for exam- 
ple on the order of 10 volts or more, is applied to row 
address line A n + ^ . That is, assume that the voltage on 
row address line An + 1 is high. A high voltage is then 
applied to the gate of transistor 18. The second channel 
electrode of transistor 1 8 will thus be at a low voltage as 
compared to the gate, rendering the channel of transis- 
tor 1 8 conductive (i.e., transistor 18 is turned "ON"). This 
connects the first channel electrode of transistor 1 8, and 
in turn the gate of transistor 26, to the high voltage row 
address line A^ + A via the second channel electrode. 
The gate-to-channel capacitance of transistor 26 is 
thereby charged to near the high voltage of row adress 
line An + v When row address line \ + 1 returns to the 
low voltage state, the channel of transistor 1 8 ceases to 
be conductive (i.e., transistor 18 is turned OFF) and the 
connection between its channel electrodes is broken. 
This effectively isolates the gate of transistor 26 with a 
high potential between it and the channel, thus initializ- 
ing the cell. 

The cyclical raising of the voltage on each row ad- 
dress line of the array continues until row address line 
A n is reached. In both the sensing and display driving 
modes, raising the voltage on that line will "enable" the 
cells 1 0 connected to it from below. In the sensing mode, 
the effect of enabling a particular cell 10 will depend on 
whether light has been incident upon the photoelectric 
sensing means 16 of cell 10 between the time the cell 
was initialized and the time it was enabled. 

Assume first that light has been incident on the pho- 
toelectric sensing means 16 at some point during this 
period. The effect that the incident light will have will de- 
pend on the nature of the photoelectric sensing means 
16, but for the purposes of explanation it will be assumed 
that the incident light renders means 16 conductive. This 
will create a current path between the high voltage of 
the gate of transistor 26 and the low voltage of line \ + ^. 
The stored charge between the gate and channel of 
transistor 26 will be discharged, bringing the gate and 
first and second channel electrodes to about the same 
voltage. This will render the channel of transistor 26 es- 
sentially non-conductive. The role of capacitor 22 is to 



couple the row address line Ap weakly to the gate of tran- 
sistor 30. Thus, when A n is at the high voltage state, the 
gate of transistor 30 will also be at that high voltage state 
because of capacitive coupling through capacitor 22. 
s Since transistor 26 is essentially an open circuit be- 
tween nodes 24 and 28 (although there will be a degree 
of current leakage inherent in each of the transistors), 
there is no direct current path between the gate of tran- 
sistor 30 and the low (or ground) voltage of the column 
10 data line D s . This presents a sufficiently high potential 
difference between the gate of transistor 30 and a first 
of its channel electrodes to render its channel conduc- 
tive. The channel of transistor 32 (described in further 
detail below) will also be conductive since its gate is at 
15 the high voltage of row address line A„ and a first of its 
channel electrodes is at the low voltage of column data 
line D s . Therefore, a current path is provided between 
row address line A n and column data line D s . A poll of 
column data line D s at this point would show a current 
flow (typically on the order of microamps) for a prede- 
termined period (typically on the order of microsec- 
onds), which would be interpreted by appropriate circuit- 
ry (not shown) as an indication that sufficient light had 
been incident on cell 10. 

If, however, light has not been incident on the pho- 
toelectric sensing means 16 during the sensor mode 
time between the initializing of the circuit and the raising 
of the voltage on row address line A n , the gate-to-chan- 
nel potential difference of transistor 26 remains high. 
The channel of transistor 26 is then conductive. Since 
this allows the gate and a first channel electrode of tran- 
sistor 30 to be at approximately the same low voltage, 
the channel of transistor 30 is non-conductive. This 
blocks the only effective current path between row ad- 
dress line A n and column data line D 6 , since capacitor 
22 does not pass direct current. A poll of column data 
line D s at this point would show very low current flow, 
which would be interpreted by appropriate circuitry (not 
shown) as an indication that insufficient light had been 
incident on cell 10. 

With reference to the embodiment of the present in- 
vention shown in Fig. 2a, operation of the cell is essen- 
tially as described above except for the following. Pho- 
toelectric sensing means 16 and transistor 18 are re- 
placed by the single photovoltaic device, photodiode 
12', which is connected such that it is forward-biased 
when row address line A„ + 1 is high. When this is the 
case, the charging of the gate-to-channel capacitance 
of transistor 26 is as described above. When row ad- 
dress line A n + 1 is returned to low, the gate of transistor 
26 is isolated and, subject to leakage, the gate-to-chan- 
nel capacitance of the transistor remains charged. 
When light is incident on the photodiode, electron-hole 
pairs are generated which results in a photogene rated 
current flow, discharging the gate-to-channel capaci- 
tance of transistor 26. The photogenerated current is 
proportional to the incident light intensity. Thus, polling 
of cell 10 yields the illumination state information as de- 
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scribed above. 

It is the nature of transistors employed in cells such 
as that described above that they will have a certain de- 
gree of leakage current in their OFF state (i.e., when 
current flow in the channel should be blocked). This is 
important from two points of view. First, this must be tak- 
en into account when selecting the capacitance of ca- 
pacitor 22. The capacitance of capacitor 22 must be 
large enough that the potential difference between the 
gate and channel of transistor 30 (because of leakage 
through transistor 26) does not discharge too quickly, 
but small enough that when transistor 26 is ON it can 
discharge quickly. Second, leakage current must be pre- 
vented from affecting the state of column data line D 6 
when the cell is not being polled. Since a great many 
other cells will be sharing column data line D s , and since 
the current to be detected on column data line D s is of 
the order of microamps, the collective leakage onto data 
line D s poses the threat of overpowering the valid data 
which must be detected. Transistor 32, which is non- 
conductive at all times except when row address line An 
is in the high-voltage state, isolates cell 1 0 from column 
data line D s except, in the sensing mode, when cell 10 
is being polled. (As described further below, transistor 
32 serves a slightly different purpose in the display driv- 
ing mode.) 

Referring now to Fig. 3, in which the reference nu- 
merals used above are also used to refer to like ele- 
ments, another embodiment of the present invention is 
shown. The cell 10' of Fig. 3 differs from the cell 10 pre- 
viously described only insofar as capacitor 22 has been 
replaced by transistor 34 having its gate and one of its 
channel electrodes electrically connected to row ad- 
dress line A n and a second of its channel electrodes 
electrically connected to node 24. One role of transistor 
34 is identical to that of capacitor 22 - to couple the row 
address line A„ weakly to the gate of transistor 30. The 
functional difference of this change, however, is to pro- 
vide a more linear response with respect to the input to 
cell 10'. That is, the embodiment of Fig. 2 is better suited 
for digital response since, if sufficient light is incident on 
sensor 16, a fixed current will flow between address line 
A„ and data line D s (although an analog response may 
be obtained if desirable). However, the embodiment of 
Fig. 3 is better suited to provide a degree of analog re- 
sponse, or gray scale resolution, in that the current flow 
between address line A„ and data line D s will vary as a 
function of the level of incident light. 

The charging of the gate-channel capacitance of 
transistor 26 in this embodiment is identical to that de- 
scribed above. Furthermore, operation of this embodi- 
ment, in the case where light has been incident upon 
sensor 16, is also as described above. In fact, operation 
of the embodiment of Fig. 3 in the case where light has 
not been incident upon sensor 16 is also as described 
above except for the fact that since transistor 34 is ca- 
pable of passing direct current, whereas capacitor 22 of 
the embodiment of Fig. 2 is not, there is an additional 



design consideration for this embodiment required to 
limit the active current path to that through the channel 
of transistor 30. Transistor 26 is used to control the po- 
tential difference between gate and channel of transistor 
s 30. In order to accomplish this, the current-carrying ca- 
pacities of transistors 26 and 34 must be carefully se- 
lected. Essentially, when row address line A n is raised 
to a high voltage, transistor 34 will be turned ON. This 
allows row address line A n to attempt to pull the voltage 
10 at node 24 high. However, if light has not been incident 
on sensor 1 6, the gate-channel potential of transistor 26 
will be high, allowing current to flow through its channel. 
Thus, competing with address line A„ {via transistor 34) 
to pull node 24 up to a high voltage will be data line D s 
15 (via transistors 26 and 32) tending to pull node 24 down 
to a low voltage. By properly selecting the aspect ratio 
of each of transistors 34 and 26, the current capacity of 
these transistors may be established such that current 
th rough transistor 34 is below the th reshold for detection 
20 on column data line D s if no illumination is present, but 
large enough to allow node 24 to be raised to the high 
voltage of row address line A n if illumination is present. 
Furthermore, if the current capacity of transistor 26 is 
made to be much greater than the current capacity of 
25 transistor 34, then the pull on node 24 by data line D 6 
will overcome the pull on node 24 by address line A^ 
and the circuit will settle out with node 24 at the low volt- 
age. In this case, the potential difference between gate 
and channel of transistor 30 will be below its turn-on 
30 threshold, and current will not pass between row ad- 
dress line A,, and column data line D 6 , which is the de- 
sired result when light has not been incident on sensor 
16. 

The role of capacitor 22 and transistor 34, to couple 
35 row address line A n weakly to the gate of transistor 30, 
may also be served by a resistor such as resistor 34' 
shown in Fig. 3a. Operation of the apparatus of Fig. 3a 
is virtually identical to that described above with regard 
to transistor 34. In this embodiment consideration must 
40 also be given to the current capacities of the various de- 
vices, as described above. 

In general, gray scale sensing may be accom- 
plished by cell 10' as follows. The potential difference 
between the gate and channel of transistor 26 will be 
45 controlled by the amount of light falling on sensor 16. 
That is, the greater the amount of light incident on sen- 
sor 16, the lower the final potential between the gate 
and the channel of transistor 26 will be. The level of dis- 
charge will, in turn, control the amount of current allowed 
50 to flow through the channel of transistor 26. This is fa- 
cilitated by the ability of transistor 34 to allow current to 
flow through its channel, as compared to the blocking of 
current by capacitor 22. This controls the potential dif- 
ference between the gate and channel electrode con- 
55 nected to node 28 of transistor 30. Finally, this controls 
the current which may flow through the channel of tran- 
sistor 30. Polling of data line D s at this point will yield a 
current flow determined by the amount of light incident 
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on sensor 16. 

Focussing next on the display driving mode, each 
row address line is held high for a predetermined period 
which may be divided according to the two previously- 
described modes, together with a third, discharge, 
mode. Since capacitor 42 may be charged just prior to 
the sensing of cell 10, it is necessary to discharge that 
capacitor so that it does not affect the measuring of line 
D s for current. This is done by turning on transistor 40 
while keeping line D s low or tied to ground. Capacitor 
42 is then discharged via the channel of transistor 40. 
With reference to Fig. 4, this is shown in region 100 of 
(a) and (c). Region 102 represents the state of line Ap 
in the sensing mode, while region 104 represents the 
display driving mode for line A n . During this period, data 
line D s is driven by the decoding/driving means 8 to an 
appropriate voltage which is transmitted to capacitor 42 
via transistor 40, such that when A„ goes low, the de- 
sired voltage is left on capacitor 42. 

This points out another function of transistor 32. The 
driving voltage on line D s in the display driving mode is 
sufficiently high (for example 10 or more volts) that 
should it be allowed to charge the nodes and capaci- 
tances of the photosensor circuit region 12 and/or cur- 
rent-conducting region 14 between initializing and poll- 
ing of the cell, the transients established would adverse- 
ly affect the state of the circuit. Thus, transistor 32 is 
provided to isolate photosensor circuit region 12 and 
current conducting region 14 from line D s between ini- 
tializing and polling cell 10. Since the time between ini- 
tialization and polling corresponds to the time that row 
address line A n is low (except for the time period 100 
reserved for the sensor mode, when column data line 
D s is held low) the time that transistor 32 is required to 
isolate photosensor circuit region 12 and current con- 
ducting region 14 from the state of line D g is the time 
that A„ is low. Thus, the gate of transistor 32 is connect- 
ed to line Ap. Since column data line D s will not be 
charged for the display driving mode during time 100, 
transistor 32 isolates photosensor circuit region 12 and 
current conducting region 14 for the entire needed pe- 
riod of isolation. 

The resulting cell 10 is a timing-independent sens- 
ing and display apparatus, and one which requires only 
two interconnection lines per cell. This is facilitated by 
structuring the cell such that each address line enables 
the sensor and display circuits of the cells below it, and 
resets each sensor circuit of the cells above it. This 
structure allows a minimum physical isolation between 
the sensing and display portions while maintaining suf- 
ficient electrical isolation to prevent the deleterious ef- 
fects resulting from application of a display driving po- 
tential to sensing circuitry, and allows employing a tim- 
ing scheme for both sensing and display driving within 
a short period. 

It will be noted that the active element of display 
driving region 15, TFT 40, is similar in description and 
operation to the TFTs described with regard to photo- 



sensor circuit region 12 and current-conducting region 
14. Thus, not only may TFT 40 be formed of amorphous 
silicon, the entirety of cell 10 (excluding the LCD) may 
be monolithically formed in large-area format by the rel- 
s atively simple and inexpensive processes afforded by 
amorphous silicon technology. As previously discussed, 
however, equivalent results would be obtained, and spe- 
cific design goals may be realized, by fabricating some 
or all of the components of cell 1 0 from single crystal or 
10 polycrystalline silicon, germanium, etc. 

In general, many changes in construction and wide- 
ly differing embodiments and applications of the present 
invention will suggest themselves. For example, by 
placing a color filter over individual sensors, part of the 
'5 sensor array, or the entire sensor array, it would be pos- 
sible to sense light of particular wavelengths selectively. 
By blue filtering a pixel, for instance, the pixel will be- 
come relatively insensitive to red light input. This may 
be valuable in digitizing color images, distinguishing be- 
tween different "color" light pens in a multi-pen system, 
or other application where color differentiation is impor- 
tant. Furthermore, the sensor itself may be of a type ca- 
pable of sensing the incidence of electromagnetic or ion- 
izing radiation outside the visible portion of the spec- 
trum. For instance, the sensor may of a type suited for 
sensing x-ray radiation, infrared radiation, neutron inci- 
dence, etc. Alternatively, specific filters may be used 
which allow sensing of specific portions of the electro- 
magnetic spectrum outside the visible light region. Color 
displays may also be realized by the present invention 
by the selected placement of color filters over the pixels 
of the LCD. 

Another variation of the above description is based 
on the fact the transistor 40 can select a control potential 
that could be connected to any display device which em- 
ploys such a control potential to modulate its optical 
properties. Thus, some other display apparatus, such 
as an electroluminescent device, LED, or the like, may 
be used in place of the LCD. 

In fact, any nonlinear element, such as a diode, may 
be used in place of the TFTs. Furthermore, in certain 
circumstances it may be desirable to locate sensing ap- 
paratus not in every cell but in, say, every other cell. 



Claims 

1. A sensor and display driving apparatus (4), com- 
prising: 

means (12) for image sensing capable of pro- 
viding sense state information with gain in re- 
sponse to the incidence of radiation thereon, 
which is initialized by an initializing signal ap- 
plied thereto, and which is enabled by an ena- 
bling signal applied thereto; 
means (15) for driving a display in response to 
a driving signal applied thereto, which may be 
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enabled by an enabling signal applied thereto; 
a first interconnection means (A n ) for providing 
the enabling signal to the image-sensing 
means and the display-driving means; 
a second interconnection means (A„ +1 ) for pro- s 
viding the initializing signal to the image sens- 
ing means; 

a third interconnection means (D s ) for receiving 
the sense state information from the image- 
sensing means and for providing the driving 10 
signal to the display-driving means; 
a sensor (1 6 or 1 2') for changing the initial state 
of the image-sensing means (12) in response 
to the incidence of radiation thereupon; 
a conductive element (14) interconnecting the is 
first and third interconnection means (A n , D s ); 
and 

means (26) connected to the conductive ele- 
ment (14) for modifying the conductance of the 
conductive element (14) as a function of the 20 
state of the sensor (16 or 12*). 



2. The apparatus of claim 1 , wherein the conductive 
element is arranged such that the third interconnec- 
tion means (D s ) is switchably coupled to the first in- 25 
terconnection means (A n ), and further includes 
means (32) for switching between a coupled and 
uncoupled state of the first and third interconnection 
means, the switching means being switchable in re- 
sponse to the sense state information. 30 

3. A sensor and display driving array comprising at 
least two apparatuses according to claim 1 or claim 
2, wherein the first interconnection means of a first 
sensor and display driving apparatus serves also to 35 
provide an initializing signal to the image-sensing 
means of the second sensing and display driving 
apparatus. 

4. The array of claim 3, wherein each apparatus is 
electrically connected to two row interconnections, 
comprising said first and second interconnection 
means, and one column interconnection, compris- 
ing said third interconnection means. 

5. The array of claim 3 or claim 4 including a color filter 
positioned over each sensor, each color filter being 
capable of discriminating between different wave- 
lengths of incident light such that the means for 
changing the initial state of the sensor changes said 
initial state when light within a selected bandwidth 
is Incident thereon and does not change the initial 
state of the sensing device when light outside the 
bandwidth is incident thereon. 

6. The array of any one of claims 3 to 5, wherein each 
apparatus is formed of amorphous silicon. 



7. The array of any one of claims 3 to 6, including a 
liquid crystal display device whose display state is 
driven by the driving means driving the display of 
each apparatus. 



Patentanspruche 

1. Sensor- und Anzeigeansteuerungsvorrichtung (4), 
umfassend: 

eine Einrichtung (12) zur Bildabtastung, die im- 
stande ist, Abtastzustands information als Re- 
aktion auf den Einfall von Strahlung darauf mit 
Verstarkung zu versehen, durch ein daran an- 
gelegtes Initialisierungssignal initialisiert wird 
und durch ein daran angelegtes Freigabesignal 
freigegeben wird; 

eine Einrichtung (15) zum Ansteuem einer An- 
zeige als Reaktion auf ein daran angelegtes 
Ansteuersignal, die durch ein daran angelegtes 
Freigabesignal freigegeben werden kann; 

eine erste Verbindungseinrichtung (A n ) zum 
Bereitstellen des Freigabesignals fur die Bild- 
abtasteinrichtung und die Anzeigeansteue- 
rungseinrichtung; 

eine zweite Verbindungseinrichtung (A^) zum 
Bereitstellen des Initialisierungssignals fur die 
Bildabtasteinrichtung; 

eine dritte Verbindungseinrichtung (D s ) zum 
Empfangen der Abtastzustandsinformation 
von der Bildabtasteinrichtung und Bereitstellen 
des Ansteuersignals fur die Anzeigeansteue- 
rungseinrichtung; 

einen Sensor (1 6 oder 1 2') zum Andern des An- 
fangszustandes der Bildabtasteinrichtung (12) 
als Reaktion auf den Einfall von Strahlung dar- 
auf; 

ein leitfahiges Element (14), das die erste und 
dritte Verbindungseinrichtung (A n , D s ) verbin- 
det, und 

eine Einrichtung (26), die mit dem leitfahigen 
Element (14) verbunden ist und die Konduk- 
tanz des leitfahigen Elements (14) als eine 
Funktion des Zustandes des Sensors (16 oder 
12') abandert. 

Vorrichtung nach Anspruch 1 , bei der das leitfahige 
Element so angeordnet ist, daB die dritte Verbin- 
dungseinrichtung (D s ) mit der ersten Verbindungs- 
einrichtung (A n ) schaltbar verbunden ist, und weiter 
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eine Einrichtung (32) umfaBt, die zwischen einem 
verbundenen und unverbundenen Zustand der er- 
sten und dritten Verbindungseinrichtung schaltet, 
wobei die Schalteinrichtung als Reaktion auf die 
Abtastzustandsinformation schaltbar ist. 

3. Sensor- und Anzeigeansteuerungsmatrix, die we- 
nigstens zwei Vorrichtungen nach Anspruch 1 Oder 
2 umfafM, bei der die erste Verbindungseinrichtung 
einer ersten Sensor- und Anzeigeansteuerungsvor- 
richtung auch dazu dient, ein Initialisierungssignal 
fur die Bildabtasteinrichtung der zweiten Sensor- 
und Anzeigeansteuerungsvorrichtung bereitzustel- 
len. 

4. Matrix nach Anspruch 3, bei der jede Vorrichtung 
mit zwei Reihenverbindungen, die die erste und 
zweite Verbindungseinrichtung umfassen, und ei- 
ner Spaltenverbindung, die die dritte Verbindungs- 
einrichtung umfaBt, elektrisch verbunden ist. 

5. Matrix nach Anspruch 3 oder 4, die ein uber jedem 
Sensor gelegenes Farbfilter umfaBt, wobei jedes 
Farbfilter imstande ist, zwischen verschiedenen 
Wellenlangen von einfallendem Licht so zu unter- 
scheiden, daB die Einrichtung zum Andem des An- 
fangszustandes des Sensors den Anfangszustand 
andert, wenn Licht innerhalb einer ausgewahlten 
Bandbreite darauf einfallt und den Anfangszustand 
des Sensors nicht andert, wenn Licht auBerhalb der 
Bandbreite darauf einfallt. 

6. Matrix nach einem der Anspruche 3 bis 5, bei der 
jede Vorrichtung aus amorphem Silizium gebiidet 
wird. 

7. Matrix nach einem der Anspruche 3 bis 6, die eine 
FlOssigkristallanzeigeeinrichtung umfaBt, deren 
Anzeigezustand durch die Ansteuerungseinrich- 
tung getrieben wird, die die Anzeige jeder Vorrich- 
tung treibt. 



Revendications 

1. Appareil de detection et d'attaque d'affichage (4) 
comprenant : 

un moyen (12) pour detecter une image capa- 
ble de deiivrer des informations d'6tat de detec- 
tion avec du gain en reponse a 1'incidence d'un 
rayonnement sur celui-ci, lequel est initialise 
par un signal d'initialisation applique a celui-ci 
et qui est valide par un signal de validation ap- 
plique a celui-ci ; 

un moyen (15) pour attaquer un affichage en 
reponse a un signal d'attaque applique a celui- 
ci, lequel peut etre valide par un signal de vali- 



dation applique a celui-ci ; 
un premier moyen d'interconnexion (A n ) pour 
deiivrer le signal de validation au moyen de de- 
tection d'image et au moyen d'attaque 
5 d'affichage ; 

un second moyen d'interconnexion (A n+1 ) pour 
deiivrer le signal d'initialisation au moyen de 
detection d'image ; 

un troisieme moyen d'interconnexion (D s ) pour 
10 recevoir les informations d'etat de detection du 

moyen de detection d'image et pour deiivrer le 
signal d'attaque au moyen d'attaque 
d'affichage ; 

un capteur (16 ou 12') pour changer l'6tat initial 
15 du moyen de detection d'image (12) en repon- 

se a I'incidence du rayonnement sur celui-ci ; 
un element conducteur (1 4) interconnectant les 
premier et troisieme moyens d'interconnexion 
(A„. D s ) ; et 

20 un moyen (26) connecte a I'ei6ment conduc- 

teur (14) pour modifier la conductance de I'eie- 
ment conducteur (14) comme une fonction de 
I'etat du capteur (16 ou 12'). 

25 2. Appareil selon la revendication 1 , dans lequel I'ele- 
ment conducteur est dispose d'une maniere telle 
que le troisieme moyen d'interconnexion (D s ) est 
couple de maniere commutable au premier moyen 
d'interconnexion (A n ) et comprend de plus un 

30 moyen (32) pour commutation entre un etat couple 
et non couple des premier et troisieme moyens d'in- 
terconnexion, le moyen de commutation etant com- 
mutable en r6ponse aux informations d'etat de de- 
tection. 

35 

3. Matrice de detection et d'attaque d'affichage com- 
prenant au moins deux appareils selon la revendi- 
cation 1 ou 2, dans laquelle le premier moyen d'in- 
terconnexion d'un premier appareil de detection et 
40 d'attaque d'affichage sert egalement a deiivrer un 
signal d'initialisation au moyen de detection d'ima- 
ge du second appareil de detection et d'attaque 
d'affichage. 

45 4. Matrice selon la revendication 3 dans laquelle cha- 
que appareil est eiectriquement connecte a deux in- 
terconnexions de rangee, comprenant lesdits pre- 
mier et second moyens d'interconnexion et une in- 
terconnexion de colonne comprenant ledit troisie- 

50 me moyen d'interconnexion. 

5. Matrice selon la revendication 3 ou la revendication 
4, comprenant un filtre de couleur positionne sur 
chaque capteur, chaque filtre de couleur etant ca- 
55 pable de discriminer entre des longueu rs d'onde dif- 
f6rentes de la lumiere incidente d'une maniere telle 
que le moyen pour changer Petat initial du capteur 
change ledit etat initial lorsque la lumiere a I'inte- 



17 EP 0 490 683 B1 18 

rieur d'une largeur de bande s6lectionn6e est inci- 
dents sur celui-ci et ne change pas l'6tat initial du 
dispositif de detection lorsque la lumiere ext6rieure 
a la largeur de bande est incidente sur celui-ci. 

5 

6. Matrice selon I'une quelconque des revendications 
3 a 5 dans laquelle chaque appareil est constitu6 
de silicium amorphe. 

7. Matrice selon I'une quelconque des revendications 10 
3 a 6 comprenant un dispositif d'affichage a cristaux 
liquides dont I'Stat d'affichage est attaqu6 par le 
moyen d'attaque attaquant I'affichage de chaque 
appareil. 

15 
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